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Abstract
The elevated temperature pressure swing adsorption (PSA) based on potassium promoted hydrotalcite-like 
compounds (K-HTlc) is one of the most promising technologies for pre-combustion CO2 capture. K-HTlc could 
achieve a fast part of reversible CO2 capacity under desorption conditions of low inert purge flow rate and short 
purge time. The CO2 breakthrough capacity is 1.01 mmol/g and 0.6 mmol/g at 1.2 MPa (CO2 partial pressure) for 
400 oC and 300 oC, respectively. A one-dimensional isotherm column model was developed to describe the K-HTlc 
performance and CO2 transportation in a single column during PSA process. The results indicated that the 
simulation results agreed well with the experimental results. The CO2 desorption process of K-HTlc should be 
characterized as a fast and a followed slow process which is origin from the chemisorption characteristics and was 
validated by the model results. The presented model could be further applied in the practical industrial PSA.
© 2013 The Authors. Published by Elsevier Ltd.
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1. Introduction
CO2 is the largest anthropogenic greenhouse gas. Among carbon capture and storage (CCS) technologies, the 
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elevated temperature pressure swing adsorption (PSA) without cooling the syngas down to ambient temperature is a 
promising technology for pre-combustion CO2 capture in integrated gasification combined cycle (IGCC) power 
plant. Potassium promoted hydrotalcite-like compounds (K-HTlc) is widely studied as CO2 adsorbent at elevated 
temperature (200-400 oC) for its relatively rapid adsorption kinetics and cycle stability [1-5].
The structure of HTlc is made of positively charged brucite-like layers and interlayer charge compensating 
anions and waters. After calcination, water and CO2 is released to form layered double oxides (LDO) which has a 
large specific surface area and surface basic sites for CO2 adsorption.  Due to the chemisorption reaction between 
sites and CO2, a part of adsorbed CO2 cannot easily escape from K-HTlc surface [2, 6]. The practical industrial PSA 
process usually includes the steps of pressurization, adsorption, blown down, depressurization and purge, etc. The 
time for each procedure is short in the time scale of several minutes. The complete desorption time of K-HTlc 
reported in the literature is usually longer than 1 hour which is not compatible with the breakthrough time. Thus, this 
complete desorption process is difficult to represent the typical operating conditions of practical PSA process. 
According to this shortage of K-HTlc, different desorption methods were applied to improve the performance of 
complete desorption on K-HTlc. The research of Halabi M. H. et al [7] indicated that CO2 desorption was
significantly facilitated in the presence of water. They also considered the recovery of CO2 as a combination of a
fast desorption step and a slower desorption step. Wu Y. J. et al [8] heated fixed-bed reactor from 383 to 435 oC for a
faster CO2 release. Hanif A. et al [9] found that evacuation could be used to achieve a faster regeneration.
On the other hand, since experimental studies of PSA process are time-consuming and labor-intensive, 
mechanism models for reactions and transportations are essential for elevated temperature PSA development. For 
the desorption characteristics, Reijers H. Th. J. et al [10] studied the effects of different purge flow rate and purge 
time based on experimental and modelling study. The results showed that when only part of K-HTlc was desorbed, 
the mass transfer coefficient in the model should be adjusted to match the experimental breakthrough curves. This 
adjustment was lack of knowledge of exact mechanism for desorption of CO2 from K-HTlc.
In this study, a four stage of PSA process containing pressurization, adsorption, depressurization and current 
purge is applied. The breakthrough curves in a fixed-bed reactor for fresh K-HTlc and regenerated K-HTlc at 
different purge gas flow rate and purge time are obtained. Then, a one-dimensional isotherm column model is 
developed to describe the K-HTlc performance and CO2 transportation in a single column during PSA process by 
considering comprehensive coupling effects from mass, and momentum transport mechanisms. 
2. Experiment & Mechanism Modeling Framework
2.1. Adsorbents and gases
CO2 adsorbents used in this study are 25 wt.% potassium carbonate impregnated Mg-Al hydrotalcites (MG70, 
Sasol Germany GmbH). Adsorbents are calcined at 400 oC for 6 hours to form layered double oxides before 
experiments. High-purity H2, Argon (99.999%) and purity CO2 (99.99%) are used in experiments.
2.2. Adsorption and desorption test in a fixed-bed reactor
A schematic diagram of the test unit is shown in Figure 1. Testing experiments for adsorbents were carried out in 
a fixed-bed quartz tubular flow reactor. The adsorbent region is 1.1 cm in diameter and 25 cm in height. The furnace 
equipped with a PID temperature controller is used to maintain the reactor temperature at 300 and 400 oC. Pressure 
is adjusted by back pressure regulator. The emission gas after back pressure regulator is detected on-line by a QIC-
20 mass spectrometer (Hiden, England).
In this study, pressure was varied with PSA processes, which were pressurization, adsorption, depressurization 
and current purge desorption. First, purified H2 at 3 MPa was introduced with the adjustment of back pressure 
regulator to keep the reactor at 3 MPa. Then, a gas with 40 vol.% CO2 and 60 vol.% H2 was fed into the top of fixed-
bed reactor at the flow rate of 300 and 255 Nml/min, respectively. When the CO2 concentration in the emission gas 
reached 4 vol.%, adsorption stage finished with no feed gas. Back pressure regulator was appropriately opened to 
reduce the pressure from 3 to 0.1 MPa in 60 seconds. Finally, purified H2 at 0.1 MPa with different flow rate was 
introduced as purge gas for different purge time. 
In order to evaluate the impact of test system dead volume, Argon is introduced as the substitution gas in the 
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Figure 1. A fixed-bed reactor unit for adsorption and desorption experiments
2.3. Modeling framework
The mechanism of CO2 adsorption and desorption on K-HTlc used in this study was developed by Zhen Y. et al 
[11].It is an elementary reaction kinetic model related with Elovich equation to predict the CO2 adsorption capacity 
and adsorption kinetic behavior. A one-dimensional isotherm column model was developed to describe CO2
transportation in a single column during PSA processes by considering comprehensive coupling effects from mass, 
and momentum transport mechanism. To simply the calculation, the axial dispersed plug flow model is assumed to 
describe the flow pattern of gas. Gas components are treat as ideal gas.
The mass and momentum balance equations are summarized in Table 1.
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In this study, adsorbents went through four different stages. Each stage has a corresponding boundary condition 
listed in table 2. Purge process in this study is current flow, while in the typical PSA it is a countercurrent flow.
The parameters for the single column simulation are determined or estimated, and listed in Table 3. The 
modeling framework is implemented in the gPROMS commercial simulation platform (PSE Enterprise, London, 
UK) by intergrating adsorption column with dynamic boundary condition and realistic operation procedures.
Table 3. Parameters for simulation
Parameter Value Parameter Value 
Temperature (oC) 400 Flow rate (Nml/min) 255
Bed diameter (cm) 1.1 Particle diameter (mm) ࢥu 4
Bed height (cm) 25 Particle density (g/ml) 1174
Bed void fraction 0.514 Particle void fraction 0.538
kf (m/s) 4e-4s Dp (m2/s) 5e-8
3. Results and Discussion
3.1. Typical breakthrough curves for K-HTlc
Figure 2. Breakthrough curves for blank, fresh K-HTlc and regenerated K-HTlc at 400 oC (regeneration: 50 ml/min H2 purge)
Figure 2 illustrates a blank breakthrough curve and three breakthrough curves for adsorption. Blank experiment 
indicates that dead volume in this study has an apparent impact on the breakthrough curves. When calculating the 
CO2 breakthrough capacity for K-HTlc, the blank time must be subtracted. The differences of breakthrough curves 
between the fresh adsorbent and regenerated adsorbent show that an incomplete regeneration was obtained even 
after H2 purge for 2 hours. When the purge time reduced from 2 hours to 4 minutes, breakthrough capacity has a 
small decrease, which means that the excess H2 plays only a small role on CO2 desorption in the purge process and 
the desorption process was not performed as a linear pattern.
3.2. Breakthrough curves and purge curves for different purge patterns at 400 oC
Figure 3 illustrates breakthrough curves for four different purge flow rate. All purge stage finished when the CO2
concentration in the emission gas reached 5 vol.%. The experiment results show almost the same breakthrough 
capacity for these regeneration methods. The CO2 breakthrough capacity for K-HTlc at 400 oC is 1.01 mmol/g. The 
H2 consumption varies in the narrow range between 473 and 487 ml. Figure 4 illustrates breakthrough curves for 
three different purge time. When the purge time reduced, CO2 concentration in the emission gas increased quickly, 
which shows in figure 5. But all three breakthrough curves almost coincide. This results indicates that a fast 
regeneration stage exists and H2 can be saved for the same regeneration. When the purge time is further reduced, the 
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CO2 in the bulk gas increase quickly and accuracy of experiments cannot be guaranteed. The model developed in 
this study can be used to make a prediction. 
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Figure 3 (left). Breakthrough curves for different purge flow rate at 400 oC
Figure 4 (right). Breakthrough curves for different purge time at 400 oC
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Figure 5. Purge curves for different purge patterns at 400 oC
3.3. Breakthrough curves for different purge patterns at 300 oC
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Figure 6 (left). Breakthrough curves for different purge flow rate at 300 oC
Figure 7 (right). Breakthrough curves for different purge time at 300 oC
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Figure 8. Purge curves for different purge patterns at 400 oC
Compared with experiments at 400 oC, Figure 6 and Figure 7 show the same characteristics of breakthrough 
curves for K-HTlc at 300 oC. The CO2 breakthrough capacity for K-HTlc at 300 oC is 0.6 mmol/g. While purge gas 
flow rate at 150, 100 and 75 ml/min, H2 consumption varies between 323 and 335 ml. H2 consumption increases to 
370 ml for purge gas at 50 ml/min, and CO2 breakthrough capacity has a little increase.
3.4. Simulation and prediction of breakthrough curves at 400 oC
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Figure 9. Experimental and simulation results of breakthrough curves for blank, fresh K-HTlc and regeneration K-HTlc in fixed-bed reactor
(dot: experiment, line: simulation)
For the further understanding the adsorption/desorption processes of K-HTlc, the simulation results based on the 
one-dimensional isotherm column model and elementary reaction kinetic model for CO2 adsorption are compared 
with the breakthrough curves of lab-scale fixed-bed reactor at 400 oC. Figure 9 show that the calculated 
breakthrough curves agree well with the experimental data for all three situations. The CO2 adsorption model used 
in this study, involves three reversible reactions, which contains a fast adsorption and two relatively slow adsorption. 
The simulation results indicates that this assumption can explain the regeneration experimental results. Under the 
depressurization and the first part of purge, CO2 captured by the fast adsorption site separated from the surface of K-
HTlc quickly. And the remaining CO2 need a relatively long time to overcome the binds between CO2 and 
adsorption site. Also the H2 consumption in the purge stage is used to flush bulk CO2 out of the column. 
 Yi Yang et al. /  Energy Procedia  63 ( 2014 )  2359 – 2366 2365
0 200 400 600 800 1000 1200
0.00
0.01
0.02
0.03
0.04
0.05
x C
O
2
Time [s]
  Blank       Fresh K-HTlc
  100 s        300 s
  500 s        700 s
  2 h    
Purge gas: 42 ml/min H2
Figure 10. Prediction of breakthrough curves at different purge time at 400 oC
Based on the simulation results, the model was applied to predict the performance for K-HTlc under longer and 
shorter purge time. Figure 10 illustrates the simulation results. Between 300 to 700 seconds, the breakthrough curves 
is very close. When the purge time increase to 2 hours, CO2 breakthrough capacity increases quite a lot, but H2
consumption increase faster, which is not economical. When the purge time decreases to 100 seconds, CO2 capacity 
drops slightly and low concentration of CO2 will exist in the beginning of adsorption process. This means purge 
time is not enough long for H2 to flush CO2 out of the column. If purge time is fixed, purge flow rate should be 
increased appropriately. 
4. Conclusion
The performance of K-HTlc as CO2 adsorbent under pressurization, adsorption, depressurization and current 
purge desorption was experimented in a fixed-bed reactor. The effects of different regeneration patterns were 
examined by changing purge flow rate and purge time. A one-dimensional isotherm column model is developed to 
describe the K-HTlc performance and CO2 transportation in a single column during PSA processes by considering 
comprehensive coupling effects from mass and momentum transport mechanisms and elementary reaction kinetic 
model based on Elovich equation for CO2 adsorption/desorption.
The experimental results show that the purge gas to feed gas ratio can be low to 1/6. Based on the experiment and 
simulation, desorption time can be short to 100 seconds, according to adsorption time of 180 seconds. The CO2
breakthrough capacity is 1.01 mmol/g and 0.6 mmol/g at 1.2 MPa (CO2 partial pressure) for 400 oC and 300 oC,
respectively. The applicability of the column model is validated by comparing modeling results with the 
breakthrough curves of lab-scale fixed-bed reactor. 
According to the experimental results and modeling simulation, the CO2 desorption process of K-HTlc should be 
characterized as a fast and a followed slow process which is origin from the chemisorption characteristics. In the 
practical industrial PSA process, it is meaningful to carefully examine the characteristics of the fast desorption 
process which is especially beneficial for further PSA design.
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